Treatment of HeLa cells with human interferons inhibited 51Cr release from cells induced by ultraviolet-inactivated Sendai virus. The inhibitory effect became apparent about 6 h after interferon treatment and persisted for 24 to 48 h. In the interferon-treated cells, the cytolysis was inhibited within 10 min after adding virus and the inhibitory action was suppressed by the treatment of the cells with cycloheximide. Mock interferon and mouse interferon did not inhibit the cytolysis and antiinterferon serum neutralized the effect of interferon. All these findings indicate that Sendai virus-induced cytolysis is inhibited by interferon per se. However, interferon did not have any influence on Sendai virus hemolysis.
It has been shown that interferons have many biological activities in addition to their antiviral activity (11) . Such activities are often exhibited through the effect of interferon on a cell surface (8) . Since cell fusion is a membrane function, we investigated effects of interferons on cell fusion and verified that interferons inhibit the cell fusion by and Sendai viruses (Ann. N.Y. Acad. Sci., in press). Sendai virus elicits cell lysis instead of cell fusion in the absence of Ca2' ions (18) . It was also reported that KB cells resistant to Sendai virus-induced cytolysis exhibited at the same time the resistance to cell fusion (24) . These studies suggest that even if these two phenomena can be partially dissociated (12) they have a close relationship. Our present experiments reveal that HeLa cells treated with interferon are resistant to Sendai virus-induced cytolysis compared with the control. These phenomena may result from an alteration of the cell membrane that is induced by interferon.
MATERIALS AND METHODS
Cells. HeLa cells were grown in a monolayer culture in Eagle minimal essential medium (MEM) containing 10% bovine serum, streptomycin (100 ptg/ml), and penicillin G (100 U/ml) and incubated at 370C in a humidified 5% CO2 atmosphere.
Interferons. Human leukocyte interferon (Le-IF) preparations (specific activity, 7.2 x l06 reference units/mg of protein) were kindly supplied by Kari Cantell of the Central Public Health Laboratory, Helsinki, Finland (4). Human fibroblast interferon (F-IF) (specific activity, 6.5 x 106 reference units/mg of protein) was kindly supplied by A. Billiau of Rega Institute, University of Leuven, Belgium (7). Assays of interferon were performed as described before (16) . Mock interferon and anti-Le-IF sheep serum were also supplied by Kari Cantell. Virus. Sendai virus, Z strain, was used in this study. Virus was propagated in the allantoic sacs of 10-dayold chicken embryos, harvested after incubation for 3 6 days, and centrifuged at 2,500 rpm for 30 min. The supernatant fluids were centrifuged at 20,000 rpm for 30 min by using a Spinco L ultracentrifuge with a no. 27 rotor. The sediment was suspended in a balanced salt solution (BSS) which was composed of 140 mM NaCI, 54 mM KCI, 0.34 mM Na2HPO4, and 0.44 mM KH2PO4, buffered with 1 mM tris(hydroxymethyl)aminomethane-hydrochloride at pH 7.6, and was recentrifuged at 2,500 rpm for 30 min to eliminate aggregates.
UV-inactivated virus. Ten milliliters of virus suspension in 120-mm petri dishes was exposed to ultraviolet (UV) light at a distance of 150 mm by using a germicidal lamp (Hitachi GL-15; about 60 ergs/mm2 per s) for 4 min. There was no residual infectivity either for chicken embryos or for HeLa cells by testing with hemagglutination and hemadsorption, respectively. Aliquots of UV-inactivated virus were kept at -750C and used for the experiments after thawing.
Cytolysis by Sendai virus. Cytolysis was measured by 5"Cr release assay as described by Wigzell with slight modification (27) . The release of 61Cr was slightly lower than the trypan blue uptake, but there was a fairly close correlation between them as pointed out by Wigzell (27) (data not shown).
Semiconfluent monolayers of HeLa cells were incubated with medium with or without interferon. After 20 h, the cells were washed once with Eagle MEM and treated with trypsin. Trypsinized cells were washed once with Hanks BSS, suspended in the same medium, and labeled by incubation of 4 x 106 cells in 1.0 ml of diluent with 0.04 ml (40 pCi) of Na25'CrO4 for 40 min at 370C. After three washes they were suspended with BSS at a dose of 106 cells per ml and kept on ice. Then, aliquots of 0.15 ml of suspension were mixed with an equal volume of UV-inactivated Sendai virus of desired concentration, and kept on ice for 10 min. The mixture was shaken at 100 strokes/min in a 370C water bath. After 60 min the cells were centrifuged, and 0.1 mi of the supernatant fluid was collected for counting in a gamma spectrometer.
Spontaneous 5"Cr release was determined by incubation of target cells with medium only. Maximum 5'Cr release was determined by adding sodium dodecyl sulfate. The percent cytotoxicity was calculated by using the following formula: Percent cytotoxicity = INTERFERON AND SENDAI VIRUS CYTOLYSIS (experimental 51Cr release -spontaneous release/ maximal release -spontaneous release) x 100. As a rule, spontaneous release was around 10% and did not exceed 15%. Trypsin treatment of target cells did not affect the cytolysis.
Estimation of hemolysis. The method of measuring Sendai virus hemolysis was almost the same as that of cytolysis. Human erythrocytes were suspended to a concentration of 10% in RPMI 1640 supplemented with 10% bovine serum and incubated with or without interferon. After 8 h, they were washed twice and suspended with Hanks BSS at the same concentration.
Subsequently they were labeled with Na25CrO4 as described above. After three washes, they were suspended to a concentration of 2% in BSS. Then, aliquots of 0.15 ml of suspension were mixed with an equal volume of UV-inactivated Sendai virus of desired concentration. After the mixture was kept on ice for 10 min, it was shaken for 60 min in a 370C water bath, and the percent hemolysis was determined as in the case of cytolysis.
RESULTS

Lysis of HeLa cells by UV-inactivated
Sendai virus and its inhibition by interferon. Sendai virus-induced cytolysis estimated by 51Cr release assay increased, depending on the concentration of Sendai virus, and was inhibited by 500 U of Le-IF per ml (Fig. 1) . Both Le-IF and F-IF inhibited the cytolysis by Sendai virus ( Table 1) . The inhibition by interferon of cytolysis was dose dependent, but reached a plateau level at 500 U/mL, and the maximum inhibition was about 50% of the control. Mock interferon and mouse interferon did not show any inhibitory effect. Furthermore, anti-interferon sheep serum neutralized the effect of interferon (Table 1 ). All these experiments showed that interferon itself affected the lysis of target cells.
The cytolytic reaction induced by Sendai virus occurred at an early stage. The inhibitory effect of interferon could be observed even in a incubation of cells with virus as short as 10 min (Fig.  2) .
Development and duration of anti-cytolytic activity of interferon. The inhibitory effect of interferon gradually increased with incubation time and reached a maximum level after 9 h of incubation ( the effect of cycloheximide on the inhibition of cytolysis by interferons in our system. When target cells were preincubated with cycloheximide and interferon, cycloheximide prevented the effect of interferon ( 
DISCUSSION
The present study showed that HeLa cells treated with interferon were more resistant to Sendai virus-induced cytolysis than were control cells. For the following reasons we can exclude the possibility that interferon inhibited cytolysis through the inhibition of multiplication of Sendai virus. First, as described in Materials and Methods, there was no residual infectivity in the UV-inactivated virus preparation we used. Second, Sendai virus, which was grown in HeLa cells, did not show cytolytic activity toward HeLa. Similarly, Sendai virus grown in KB cells did not infect monolayers of KB cells (24) . Third, the inhibitory effect of interferon was observed as early as 10 min after treatment with Sendai virus (Fig. 2) . On the other hand, cycloheximide inhibited the suppressive activities of interferon on cytolysis and also on cell fusion caused by Sendai virus (Ann. N.Y. Acad. Sci., in press). Whether there exist common mechanisms in the inhibition of viral multiplication and cytolysis or cell fusion by interferon awaits further experiments.
Sendai virus-induced hemolysis has been studied extensively (14) . Evidently hemolysis occurs after viral envelope-membrane fusion and before membrane-membrane fusion (1, 13) through breaks in the unstable viral part of the integrated membrane. Cell fusion took place when the integrated viral area was stabilized (1, 2, 12, 22) . We tested the effects of interferon on the lysis of human erythrocytes caused by Sendai virus and found no effect at all. This result may be related to the fact that interferon does not exhibit its antiviral action in enucleated cells (20, 28) . On the other hand, the inhibitory effect of interferon on cytolysis was also observed in human transformed cell lines, RSa and IFr (16) , though these cells were less sensitive to the cytolytic action of Sendai virus than were HeLa cells (data not shown).
The mechanisms operating in the suppression of cytolysis and cell fusion by interferon remain unclear. There have been reviews of many reports concerning the effects of interferon on cell surfaces (6, 8) . For example, mouse interferon enhanced the expression of surface histocompatibility antigens in L 1210 cells (17) and mouse lymphocytes (26) . Interferon modified the binding of thyrotropin and cholera toxin to L-cell plasma membrane (9) . Interferon treatment of AKR mouse cells, a spontaneous producer of murine leukemia virus, resulted in the inhibition of extracellular virus formation, although virus could be detected by electron microscopy, uridine incorporation, or assay of the viral reverse transcriptase (3, 10, 19) . Moreover, Chang et al.
(5) demonstrated that treatment of AKR mouse cells with mouse interferon altered the plasma membrane physically, morphologically, and biochemically. More recently it has been shown that the spontaneous cell-mediated cytotoxicity of lymphocytes was inhibited when target cells were pretreated with interferon (25) . We also obtained the same results with our system (21) . These phenomena may be traceable to modifications of the cell membrane by interferon. Present studies may add another example of the effects of interferon on the cell membrane.
